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Material Processing Method 
Brief Description of the Drawings 

Fig. 1 is a sectional view showing an example of the device used in the method of the present 
invention. Fig. 2 is a diagram showing the use of an example of this device in vertical milling. 



Detailed Description of the Invention 

The present invention relates to a material processing method, and specifically relates to a 
method in which a cutting tool is cooled when carrying out such operations. 

The use of condensed carbon dioxide for cooling during cutting operations in lathing has 
been previously described. Condensed carbon dioxide gas is supplied as liquid carbon dioxide 
under pressure to a long capillary tube or nozzle, and is discharged as a jet or spray to the 
location in need of cooling. As a result of the pressure drop occurring when the material is 
released from the nozzle, the liquid carbon dioxide gas immediately turns to a mixture of vapor 
and flakes. 
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In some cases, it is difficult to direct the cooling jet near or above the cutting end of the 
tool due to the characteristics of the tool and workpiece. Such a case occurs when carbon 
dioxide is sometimes supplied in order to cool tools used for deep boring and deep cutting. 

It is known that the flake-form carbon dioxide can be carried off as a suspension in oil or 
other fluid. Oils carry fine flake-form carbon dioxide particles and the discharge flow of this 
mixture is propelled a substantial distance, allowing it to reach corners and localized surfaces 
that the material would not be able to reach if supplied simply in the form of flake-form 
carbon dioxide. 

Consequently, the present invention is a method for processing materials by cutting tools 
using carbon dioxide as cooling agent, and a defining characteristic thereof is the supply of 
carbon dioxide at or near the cutting end of a tool as a suspension of flake-form carbon dioxide 
in oil or other fluid. Because the suspension of flake-form carbon dioxide is supplied behind the 
cutting end to as great a degree as possible, the chips do not interfere with cooling. The present 
invention also includes a suspension of flake-form carbon dioxide in oil or other fluid as a novel 
composition suitable for use as a cooling agent for cutting tools. The suspension of flake-form 
carbon dioxide can be produced by a sprayer or any suitable spraying device having a form 
whereby liquid carbon dioxide is supphed under pressure to a first nozzle from a storage tank, 
and oil or other fluid is supplied from a storage tank to a second nozzle, where the oil nozzle 
surrounds the carbon dioxide nozzle, or the oil nozzle is surrounded by the carbon dioxide nozzle. 

Fluids that are suitable for use as carriers for the flake-form carbon dioxide are light 
lubricant oils and cutting oils such as sulfonated oils and esterified oils or other liquid mixtures 
that are used to facilitate common mechanical processing operations. However, any oil that is 
used must have viscosity characteristics and melting point characteristics that allow it to remain a 
liquid until it is discharged from the nozzle under the operating conditions. Examples of other 
fluids that may be used include liquid paraffin, white oil, kerosene, glycols, carbon tetrachloride, 
and cutting oil emulsified with methanol or water. 

As described above, carbon dioxide is transported under pressure from a storage tank to a 
nozzle that surrounds, or is surrounded by, an oil nozzle. The transport pressure can vary over a 
broad range, and the lower limit of the pressure at a given temperature is the pressure threshold 
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below which the carbon dioxide is not present as a liquid. The lower limit for the pressure at 0°F 
is 300 lb/in 3 , but it is preferable to carry out the operation at about 900 lb/in 3 , which provides a 
suitable operational range for normal temperatures. 

The oil is supplied to the oil nozzle at approximately atmospheric pressure by gravity 
feeding, and the oil is transferred by the carbon dioxide high-pressure jet at the nozzle. However, 
there will be no undesirable consequences if the oil is conducted to the device under 
high pressure. 

Fig. 1 presents a simple example of a device that implements the method of the present 
invention, wherein an inner carbon dioxide nozzle 1 is formed from a capillary tube with a small 
opening, and this nozzle is linked to a pump and a storage vessel (not shown). An outer oil 
nozzle 2 is linked to an oil storage vessel (not shown) via a gravity feed 3. The dimensions of 
the nozzle have no restrictions, but changing the relative size of the two nozzles influences the 
ratio of oil that is transferred in the jet of carbon dioxide. The ratio of oil in the resulting 
composition jet increases as the size of the nozzle is increased relative to the carbon dioxide 
nozzle, and the jet will also have less power. The size suitable for a desired specific objective 
can be determined appropriately by experimentation. The ratio of oil transferred to the carbon 
dioxide is related to the oil pressure, the amount of oil supplied, and the position of the high 
pressure (carbon dioxide) nozzle relative to the oil nozzle. 

Fig. 2 shows vertical milling in which 4 is used for cutting a workpiece 5 at a right angle. 
Claim 

A material processing method carried out by a cutting tool using carbon dioxide as a 
cooling agent, characterized by supplying carbon dioxide at or near a cutting end of a tool in the 
form of a suspension of flake-form carbon dioxide in an oil or another fluid. 



Dependent Claims 

1. The method according to the claim in which the suspension of flake-form carbon 
dioxide is supplied behind the cutting end of the tool. 
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2. The method according to the claim or dependent claim 1 in which the flake-form 
carbon dioxide is suspended in a light lubricant oil. 

3. The method according to the claim or any of the dependent claims above in which the 
flake-form carbon dioxide is suspended in a cutting oil. 

4. A material processing method as described in the drawings. 

5. A novel composition suitable for use as a cooling agent for cutting cools, comprising a 
suspension of carbon dioxide in an oil or another fluid. 




Figure 2 
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